Purpose: The purpose of this retrospective cohort study was to elucidate whether the location of placenta below uterine incision in cesarean section is important in the development of maternal complications in placenta previa patients. Methods: The study was conducted on 409 patients 414 parturition at 3 hospitals in affiliation with the Catholic Medical Center, Seoul, Korea from May 1999 to December 2009. The subjects were divided to two groups: the group whose placenta was located in the anterior portion of the uterus (anterior group) and the group whose placenta was located in the posterior portion of the uterus (posterior group). And then they are compared to each other. Logistic regression was used to control for confounding factors. Results: In the anterior group, regardless of confounding factors, the incidence of excessive blood loss (OR 2.97; 95% CI: 1.64-5.37), massive transfusion (OR 3.31; 95% CI: 1.33-8.26), placental accreta (OR 2.60, 95% CI: 1.40-4.83), and hysterectomy (OR 3.47, 95% CI: 1.39-8.68) was higher. Conclusion: Sonographic determination of the placental position where its location beneath the uterine incision is very important to predict maternal outcomes in placenta previa patients, and such cases, close attention should be paid for massive hemorrhage.
Introduction
Generally, the frequency of placental previa is 4 in 1,000 patients. Risk factors are old age, multiparity, previous cesarean delivery, abortion, smoking, cocaine, and male fetus [1] . In previa patients, postpartum hemorrhage is substantial, which increases maternal complications [2] . Risk factors for massive hemorrhage and transfusion are old age, abortion, previous cesarean section, uterine myoma, increased BMI, increased neonatal weight, and complete previa [3] [4] [5] . Also, risk factors for peripartum hysterectomy are previous cesarean section, history of abortion, and complete previa [6] .
Until now, placental previa has been classified by the degree of encroachment upon the internal cervical os, because most studies reported that in complete previa, the possibility of massive perinatal hemorrhage, transfusion, placental accreta, and hysterectomy are strong [3, [7] [8] [9] [10] . But most obstetricians have concerns about massive hemorrhage not only when complete previa exists, but also when placenta is located on the anterior portion of the uterus, beneath the cesarean incision site [11, 12] . Yet, the subject has rarely been studied; therefore, the authors have sought for statistical significance that the location of Ivyspring International Publisher placenta is an independent prognostic factor of maternal pregnancy outcomes. Among the entire 560 deliveries of 555 patients, excluding 30 patients with vaginal delivery, 10 multiple pregnancy patients, 4 patients with the placental malformation (3 succenturiated placentas, 1 accessory placenta), 24 patients that the location of placenta was not clearly shown in medical records, 41 patients with the placental main body located in the lateral body, and 37 patients with the placental main body located in the central portion, 414 deliveries of 409 patients were examined on obstetric medical records retrospectively, and the previa cases with the placental main body located in the anterior uterine body were assigned as the anterior group, and those with the placenta located in the posterior portion of uterus were assigned as the posterior group, and then these two groups were compared. This study was approved by the clinical study medical ethics committee of Catholic Medical Center (XC10RIMI0126V).
Patients and methods

Subjects
Methods
Based on the review of medical database, maternal age, parity, delivery methods, maternal past history (miscarriage, uterine surgery), diseases associated with pregnancy (myoma, endometriosis), prenatal ultrasonography and the findings of surgery were reviewed in all patients.
To compare maternal outcomes, the hemoglobin level of prior to surgery, 1 day after surgery, and 3 days after surgery, the amount of transfusion during surgery, estimated blood loss during operation, placental accreta, hysterectomy, myomectomy, placental abruption, disseminated intravascular coagulation, emergency cesarean section and maternal death were assessed.
Excessive blood loss was defined as the estimated blood loss higher than 1000 mL during surgery, and massive transfusion was defined as the transfusion of 10 packs of Packed Red Cells or whole blood during or after surgery.
Placenta previa in our study was all confirmed by last transvaginal sonographic exam prior to delivery. In addition to the location in the anterior portion or posterior portion of uterus, they were classified by sonographers blinded to the outcomes when sonographic exam according to the level of the placental coverage over internal os of cervix as complete, partial, marginal, low lying, and vasa previa [10] . Most of last sonographic exams were done on the day of operation (and not before one week) and when the placental main body was located in central or lateral portion of uterine body, these cases were excluded in this study.
Statistical methods
Statistical analysis on study results was performed by the application of the SAS version 8 (SAS Institute, Berkley, CA, USA). For the comparison of continuous variables, depending on whether it is the normal distribution or not, independent T-test or the non-parametric method Mann-Whitney U test was applied. For categorical variables, chi-square test or Fisher's exact test was applied.
For the difference of maternal complications, by logistic regression analysis, parity, previous abortion, previous cesarean section and complete previa were adjusted. P <0.05 was determined to be statistically significant.
Results
Maternal characteristics
Among 35030 deliveries, placenta previa case was 560, which was 1.5% of the total count.
Of the 414 deliveries that were included, the maternal characteristics were compared between the anterior and the posterior group. When compared, maternal age, the number of abortion and the history of abdominal surgery excluding cesarean section showed no significant difference. And also these two groups showed no significant difference in maternal diseases such as endometriosis, myoma and incidence of myomectomy performed simultaneously during cesarean section. Moreover, the level of placental coverage over internal os of cervix described no statistical difference between these two groups.
On the other hand, parity > 2 cases were significantly more common in anterior group in comparison with parity = 0 (OR 2.14; 95% CI: 1.19-3.87). In addition, there were significantly more cases in anterior group with history of previous cesarean section > 2 in comparison with previous cesarean section = 0 (OR 4.23; 95% CI: 1.99-8.99) ( Table 1) .
Maternal pregnancy outcomes
The result of the analysis of maternal complications were evaluated by univariate analysis according to the placental location is shown in Table 2 .
Hemoglobin levels before or after surgery were not significantly different between those two groups. Nonetheless, the amounts of PRC or whole blood transfused during surgery were 2.44 ± 4.34 packs and 1.15 ± 2.16 packs, respectively (P = 0.001), and the estimated blood loss during surgery was 1150.79 ± 1610.19 mL and 686.08 ± 770.19 mL, respectively (P < 0.001), showing that anterior group had more blood loss and more blood transfusion than posterior group.
Furthermore, incidences of placental accreta (OR 2.94; 95% CI: 1.63-5.29) and hysterectomy (OR 4.24; 95% CI: 1.77-10.17) were much more common in the anterior group. No significant differences were found in placental abruption, DIC, emergency cesarean section and maternal mortality ( Table 2) .
Maternal complications were analyzed by logistic regression adjusting for maternal age, parity, previous abortion, previous Cesarean 
Discussion
It is the first study ever that maternal morbidities significantly increase when placenta is located in the anterior portion of uterus in placenta previa.
In this study, the incidences of complete previa between the two groups were not significantly different, which concurs with the study reported by Tuzovic et al. conducted in 202 patients [13] . It means that anterior placental location is a risk factor that affects pregnancy outcome independent of the level of coverage of internal os of cervix in placental previa.
We strongly believe that the high incidence of anterior previa among high parity especially 2 or more prior cesarean section in this study is associated with placental accreta.
And it was observed that the incidence of placental accreta and hysterectomy is more common in anterior group. It is well known that Placenta accreta is accompanied with approximately 7~10% of all cases of placenta previa, and in such cases, the chances of massive hemorrhage and hysterectomy is high [8, 9, 14] .
Usta et al. compared 22 placental previa patients with placental accreta and 325 patients without accreta, and reported that the frequency of maternal morbidity such as blood loss, transfusion, hysterectomy, etc. was higher in cases with accreta than those cases without accreta.
However, unlike our research, they reported that the frequency of anterior placenta of the group asso-ciated with placental accreta was not significantly different from the group without accreta [15] .
That can be due to the facts that in the study conducted by Usta et al., the incidence of accreta in anterior placenta group was 8.9 %, and the other group was 5.1 % (p value 0.258), which was lower than the frequency of placental accreta in our study 13.4% ( 66/492) and the number of cases were insufficient (22 patients). In our study, the incidence of placental accreta was high, which was inferred due to the fact that they were many patients with high risk factors for inducing placental accreta such as previous cesarean section, previous abortion, and so on [16, 17] . The high incidence of placental accreta and another factor that our three hospitals were all referred hospitals maybe increased the incidence of placental previa (1.5%).
Hasegawa et al. compared 26 placenta previa patients with massive hemorrhage (≥ 2500 mL) and 101 placental previa patients without, and reported that the distance of the internal os was not associated with intraoperative bleeding. Massive hemorrhage occurred in cases with the placenta located in the anterior portion (OR 3.5; 95% CI 1.1-11.2), and accreta was also abundant (OR 15.1, 95% CI 2.3-100.6), which is in agreement with our results [9] .
Factors such as old age, multiparity, previous abortion, previous cesarean section are frequently associated with placenta previa. They are accounted as risk factors of excessive bleeding and peripartum hysterectomy, even if placenta previa does not exist [3, 6, 9] . Therefore Faiz et al. claimed that age, parity, history of cesarean section and history of abortion should be adjusted when demographic investigation on placenta previa is pursued [1] .
In our study, in addition, to evaluate the effect of the placental location beneath incision site on maternal morbidity considering complete previa together, it was also adjusted by multivariate logistic regression analysis. The result was when the placenta located beneath the incision site, the incidence of excessive blood loss, massive transfusion, placental accreta and hysterectomy significantly increased.
This implies that in placental previa patients, the location of placenta beneath incision site is a risk factor of maternal morbidity independent of complete previa.
Placental accreta itself can raise the maternal morbidity rate as report by Usta et al. Therefore we adjusted placental accreta together by multivariate logistic regression analysis. The result (do not seen in tables) is that excessive blood loss (OR 2.38; 95% CI: 1.26-4.49, p value 0.008) was affected by anterior placental location independent of placental accreta but massive transfusion (OR 2.40; 95% CI 0.89-6.43, P = 0.083) and hysterectomy were not(OR 1.80; 95% CI 0.62-5.23, P = 0.282). It thus speculated that high incidence of placental accreta in the anterior group affected the increased the risk of massive transfusion and hysterectomy.
Further prospective studies including other sonographic markers of massive hemorrhage or adherence of placenta such as extensive vascular lakes [18] , heterogeneity of placenta, loss of myometrial zone [19] , sponge-like cervix and marginal sinus [9] could be required and it will give us more information about the relationship of anterior placenta with accreta or massive bleeding and finally it enables more tailored management.
In conclusion, anterior previa is more common in patients with 2 or more prior cesarean section compared to no prior cesarean section and it is more dangerous than posterior previa in view of increasing maternal morbidity such as excessive blood loss, massive transfusion, placental accreta and hysterectomy.
Therefore, sonographic detection of anterior placenta is very important to predict maternal outcomes in placental previa, and in such cases obstetricians should be aware of high possibility of maternal massive hemorrhage.
